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(54) Method and apparatus for dynamic termination logic of data buses 



(57) An apparatus for dynamic termination logic of 
bi-directional data buses and methods of operating the 
same result in bi-directional data buses with improved 
data transfer performance. The bi-directional data bus 
for wire-or data transfers comprises a first end-driver 



coupled to a first end of the data bus configured to drive 
the first end of the data bus with a first signal. The sec- 
ond end-driver coupled to the second end of the data 
bus is configured to dynamically terminate the first sig- 
nal from the first end-driver 
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Description 

The present invention relates to data bus transfers 
and more particularly to dynamic termination logic of da- 
ta buses to improve performance of the data buses. 

As computer technologies continue to grow in leaps 
and bounds, users of the computer technologies have 
an insatiable desire for faster systems in ever smaller 
packages. One area of a system that is often a weak 
link to an otherwise much faster system is the data bus. 
The data bus provides transfers of data in the form of 
electrical signals from one subsystem to another. Often 
times the data bus of a system gets overwhelmed with 
data transfers and becomes the bottle neck of the sys- 
tem. 

In a high performance bi-directional data bus de- 
sign, the data transfer bottle neck problem is compound- 
ed by multiple devices transferring data on the same da- 
ta bus and the transfer of data in two directions. Certain 
functions performed by a computer system such as driv- 
ing an address bus utilize bidirectional buses. Atypical 
bi-directional bus design has at least two end-drivers, 
each located to one end of the bi-directional data bus 
and is configured for wire-oring of data signals on the 
data bus. In the wire-or configuration, either end-driver 
is able to drive data signals on the data bus. When the 
end-drivers are inactive, the data bus is pulled-up to a 
logic high state, B 1 \ When an end-driver is active and 
driving the data bus, the data bus is at the logic low level, 
"0°. 

As the end-drivers transition between inactive and 
active states of operation, switching wave signals are 
generated. If the switching wave signals are not termi- 
nated, reflections of the switching wave signals occur 
that will cause ringing on the data bus. The ringing caus- 
es the data signals on the data bus to be unsettled. An 
unsettled data bus produces unstable data. As the ring- 
ing from the reflections eventually settles, the data on 
the data bus stabilizes to a steady logic. Ringing on the 
data bus is undesirable because the ringing reduces the 
speed at which data signals are transferred on the data 
bus. Time wasted waiting for the data bus to settle from 
the ringing can be best used for additional data trans- 
fers. 

Present data bus designs attach a termination re- 
sistor at each of the data bus to terminate the switching 
wave signals. The termination resistors serve a dual 
purpose of terminating the switching wave signal and 
providing a pull-up signal to produce a logic high state 
on the data bus when the end-drivers are inactive. The 
end -drivers are typically open drain or open collector 
transistors depending on whether the transistors are 
formed using CMOS (complementary metal oxide sili- 
con) or bipolar processes. To properly terminate the 
switching wav signals, the resistive valu of the termi- 
nation resistors are set to the charact ristic impedance 
of the data bus. No reflections occur when the ends of 
a data bus are properly terminated with terminaiion re- 



sistors whos values equal to the characteristic imped- 
ance of the data bus. 

Take for example the data bus with two end-drivers 
and two termination resistors attached to the ends of the 
5 data bus. When one end-driver becomes active while 
the other is inactive, a negative switching wave signal 
(transition from an initial high logic state to a low logic 
state) generated from the active end-driver travels to the 
end of the data bus and is terminated without reflections 
io by the termination resistor at the end of the data bus. 
However, during operations of the data bus there are 
instances when back to back switching occurs with the 
end-drivers. Back to back switching occurs when both 
end^drivers are simultaneously switching between ac- 
1 $ tive and inactive states of operation. As one end-driver 
switches from inactive state to active state, a negative 
switching wave signal (transftion from a high logic state 
to a low logic state) is generated. As the other end-driver 
switches from active state to inactive state, a positive 

20 switching wave signal (transition from a low logic state 
to a high logic state) is generated. The negative switch- 
ing wave signal terminates when it reaches the termina- 
tion resistor at the end of the data bus, but the positive 
switching wave signal produces a reflection from the ac- 

25 tive end-driver which has a resistance other than the 
characteristic impedance of the data bus. A wire-or 
glitch results from the reflection of the positive switching 
wave signal. The wire-or glitch causes ringing on the da- 
ta bus and produces unsettled data signals on the data 

30 bus. Time is wasted waiting for the ringing on the data 
bus to settle. 

Moreover, the data buses are often formed as trac- 
es on printed circuit boards which route the data buses 
to the various circuit components of a subsystem. The 

35 printed circuit boards of a computer may include tens of 
data buses coupling the multitude of the circuit compo- 
nents together. There are also a plurality of mid-drivers 
in open drain or open collector configurations placed be- 
tween the end-drivers to provide data bus access for the 

^o circuit components of the subsystem. Because termina- 
tion resistors are placed at the ends of a data bus, 
present data bus designs attach the resistors externally 
on the printed circuit board. Valuable areas of fhe printed 
circuit board that can be used for additional circuit com- 

<5 ponents and circuitry are wasted. 

Therefore, it is desirable to provide an apparatus 
and methods of operating the same which improve set- 
tling time of data buses and eliminate placement of 
space-wasting external termination resistors on printed 

50 circuit boards and other subsystems of a computer sys- 
tem. 

Particular and preferred aspects of the invention are 
set out in the accompanying independent and depend- 
nt claims. Features of th dp ndent claims may b 
55 combined with thos of the independent claims as ap- 
propriat and in combinations other than those explicitly 
set out in the claims. 

The pr sent invention provides an apparatus for dy- 
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namic termination of data buses and methods for oper- 
ating th sam which result in improved settling time of 
data signals on the data bus. The novel data bus design 
is based on data bus drivers having dynamic termination 
logic to improve effectiveness of terminating data sig- 
nals on a data bus. Thus, according to one aspect of the 
invention, a. bi-directional ciata bus for wire-or data 
..transfers comprises a first end-driver coupled to a first 
-end of the data bus configured to drive the first end of 
the data bus with a first signal. Asecond endhdriver cou- 
pled to the second end of the data bus is configured to 
^dynamically terminate the first signal from the first end- 
driver The second end<Jrjver includes a pull-up transis- 
tor with a resistive value of the characteristic impedance 
. of the data bus and a pull-downtransistot with a resistive 
rvalue of the characteristic impedance of. the data bus. 
-*$Th£ termination resistors are integrated with the second 
^•end-driver and act to terminate the first signal. Thus, re- 
gardless of the state of the second end-driverbeing ac- 
; tiye or inactive, a resistive value of the characteristic im- 
pedance is coupled to the data bus to terminate the first 
signal from the first end-driver. 

According to another aspect, of the invention, the 
second en d-d river drives the data bus with a second sig- 
nal and the first end-driver dynamically terminates the 
second signal from Xhq second end-driver. The first end- 
driverincludesa pull-up transistor with a resistive value 
of the characteristic impedance of the data bus and a 
pull-down transistor with a resistive value of the charac- 
teristic impedance of the data bus. The termination re- 
sistors are integrated with the first end-driver Thus, re- 
gardless of the state of the first end-driver being active 
or inactive, a resistive value of the characteristic imped- 
ance is coupled to the data bus to terminate the second 
signal from the second end^river. 

According to another aspect of the invention, the 
first end-driver and the second end-driver simultaneous- 
ly dynamically terminate the first and the second signals. 
During back to back switching of the first end-driver and 
tthe second end-driver which occurs when the end-driv- 
ers switch on consecutive synchronous clock cycles, the 
received first signal at the second end-driver and the 
^received second signal at the first end-driver dynamical- 
ly terminate with the characteristic impedance of the da- 
ta bus upon reaching the end-drivers. Regardless of the 
switching state of the end-drivers, the characteristic im- 
pedance of the data bus is coupled to the data bus for 
proper termination to prevent reflections and thus, sel- 
. ties the data bus to allow other data signals to drive the 
data bus sooner rather than waiting for reflections from 
a switching wave signal to settle. 

According to yet another aspect of the invention, a 
first mid-driver coupled to the data bus is configured to 
drive the data bus with a third signal, and a second mid- 
driv rcoupl dtoth data bus is configured to. drive the 
data bus.with a fourth signal. Th second nd-driyer.dyr 
namically terminates a reflection of th fourth, signal 
from the first mid-driver, and the first end-driver dynam- 



ically terminates a reflection of th third signal from th 
second mid-driver. Thus, during back to back switching 
of the mid-drivers, reflections resulting from improper 
termination of the mid-drivers travel the length of the da- 
$ ta bus and terminate at the end-drivers. 

An apparatus and method for operating an im- 
- proved data bus are provided by the dynamic termina- 
tion logic to terminate data signals on the data bus for 
improved data bus settling times. Integration of the ter- 
io ruination resistors for the data bus with the drivers elim- 
inates the need for external placement of the termination 
resistors' to the printed circuit boards or the like of a com- 
'puter system. Space savings from eliminating the exter- 
nal resistors affords more space on the printed circuit 
*s boards for additional circuit components and circuitry 
that further enables integration of more functions in even 
smaller packages. Furthermore, reducing settling time 
of the data bus affords data bus designs with increased 
data rates. Increasing the data rates of a computer sub- 
20 system increases the speed at which an overall system 
processes data. Thus, the dynamic termination logic not 
only increases available space on a printed circuit board 
but also increases the throughput of a system for per- 
forming data transfers. 
25 Exemplary embodiments of the invention are de- 
scribed hereinafter, by way of example only, with refer- 
ence to the accompanying drawings! in which: 

Fig, 1 illustrates a system level block diagram of a 
computer network having dynamic termination logic of 
30 data buses in accordance to the present invention. 

Fig. 2 illustrates a circuit diagram of a data bus hav- 
ing end-drivers in accordance to the present invention. 

Fig: ^illustrates an equivalent circuit diagram of the 
data bus having end-drivers. 
35 Fig. 4 illustrates a circuit diagram of a data bus hav- 
ing a mid-driver. 

Fig. 5 illustrates a circuit diagram of a data bus hav- 
ing an alternative embodiment of the mid-driver. 

The invention will be described with respect to the * 
40 Figures in-which Fig. 1 generally shows a system of a 
computer network 10. Like numeral designations repre- 
sent like oorinponents throughout the- description. The 
computer network 10 includes a client 110, a client 120, 
a client 130, a client 140, and an Internet 150. The In- 
45 ternet 150 couples the clients 110, 120, 130, and 140 
enables communication between the clients; In an em- 
bodiment of the* invention, the Internet 150 provides 
TCP/IP, (Transmission Control Protocol over Internet 
'Protocol). Other represented segments operating the 
so TCP/IP including intranets and local area networks are 
also suitable. 

:.v Bi-directional data buses 115, 125, 135, and 145 
provide dynamic termination logic for improved data bus 
performance. In Fig. 1, the data buses 115, 125, 135, 
'.ss and 145 provide network connections betwe n the cli- 
entsi110, 120, 130, and 140 and the Int met 150. Data 
bus 1 15 provides a network connection for the client 1 1 0 
toacc ss the Internet 150. Data bus 125 provides a net- 
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work connection for the client 1 20 to access the Internet 
150. Data bus 135 provides a network connection for 
the client 130 to access the Internet 150. Data bus 145 
provides a network connection for the client 140 to ac- 
cess to the Internet 150. The clients 110, 120, 130, and 
140 include, logic circuits that are programmed to per- 
form a series of specifically identified operations for data 
transfers to and from the Internet 150. The data buses 
1 1 5, 1 25, 1 35, and 1 45 include logic circuits that provide 
dynamic termination logic of the data buses. Thus, data 
transfers between the client 1 1 0 and the client 1 20 occur 
via the data bus 1 1 5, to the Internet 1 50, to the data bus 
125, and to the client 120. Similarly, data transfers be- 
tween the client 120 and the client 1 1 0 occur via the data 
bus 1 25, to the Internet 1 50, to the data bus 115, and to 
the client 110. 

Other variations of data transfers between the cli- 
ents include coupling a data bus between two clients to 
facilitate the data transfers. A simpler computer network 
provides data transfers between two clients via a dy- 
namically terminated data bus. Because internal data 
transfers also occur within a client, the clients 110, 1 20, 
1 30, and 140 include dynamically terminated data bus- 
es in accordance with the present invention to facilitate 
the internal data transfers. Thus, the data buses having 
dynamically terminated logic are included throughout 
the computer network 10. 

Fig. 2 shows a circuit diagram of a dynamic termi- 
nation logic data bus 20 in in accordance with the inven- 
tion. The dynamic termination logic data bus 20 includes 
- an end-driver 210, an end-driver 220, and a data bus 
250 set in a wire-or configuration. The end-driver 210 is 
coupled to the data bus 250 and provides drive outputs 
to the data bus 250. Similarly, the end-driver 220 is cou- 
pled to the data bus 250 and provides drive outputs to 
the data bus 250. The drive outputs from the end-drivers 
210 and 220 provide switching waves between Vddq 
voltage and 1 12 Vddq voltage. The Vddq voltage and the 
1/2 Vddq voltage represent a high logic state, B 1" and a 
low logic state, "0" on the data bus 250, respectively. 
Although MOS transistors are shown, other variations 
of transistors may be used. Moreover, because the driv- 
ers perform switching functions, other devices that fa- 
cilitate switching functions may be substituted for the 
transistors. 

The end-driver 210 includes a MOS (Metal Oxide 
Silicon) transistor 212, a MOS transistor 214, control in- 
put 216, and an invertor 218. Drain of transistor 212 is 
coupled to Vddq 255, and source of transistor 212 is 
coupled to the data bus 250 and drain of the transistor 
214. Source of transistor 21 4 is coupled to Gnd 265. The 
output of inv rtor 21 8 is coupled to th gate of transistor 
212. Control input 216 coupled to the input of the invertor 
218 and the gate of transistor 214 provides control sig- 
nals to activate th end-driver 210. It will be appreciat d 
and th p ople skilled in the art that the transistor 212 
and transistor 21 4 can be implemented in CMOS (com- 
plementary MOS) so that the transistor 21 2 and invertor 



218 become a p-chainn I transistor and the transistor 
21 4 a n-channel transistor. 

The end-driver 220 includes a MOS transistor 222. 
a; MOS transistor 224, control input 226, and invertor 
* 228. Drain of transistor 222 is coupled to Vddq 255, and 
source of transistor 222 is coupled to the data bus 250 
and drain of the transistor 224. Source of transistor 224 
is coupled to Gnd 265. The output of the invertor 228 is 
coupled to the gaie of transistor 222. Control input 226 
io coupled to the input of the invertor 228 and the gate of 
transistor 224 provides control signals to activate the 
end-driver 220. Of course, people skilled in the art ap- 
preciate that the transistor 222 and invertor 228 become 
a p-charihel transistor and the transistor 224 a n-chan- 

*s nel transistor in CMOS implementation. 

In order to prevent wire-or glitch, the transistors of 
the end-drivers 210 and 220 are formed to provide a re- 
sistance set to the characteristic impedance of the data 
bus 250. Thus, when the transistors of the end-drivers 

20 activate, the resistance of the activated transistors 
match the characteristic impedance of the data bus 250. 
Switching signal waves received at the end-drivers are 
terminated with the characteristic impedance of the data 
bus. The embodiment of the invention provides that th 

25 characteristic impedance of the data bus 250 to be 50Q 
(ohms) which sets the resistance of an activated tran- 
sistor of an end-driver to be also 50iX 

In instances of back to back switching of the end- 
drivers, the dynamic termination logic data bus 20 ter- 

■ 30 minates the switching signal waves from the end-drivers 
to prevent reflections onto the data bus 250 to begin, 
end-driver 210 is initially inactive. The control input 216 
provides an input that tums-oh transistor 212 and turns- 
off transistor 214 which couples Vddq 255 to the data 

55 bus 250 via transistor 21 2. End-driver 220 is initially ac- 
tive. The control input 226 provides an input that tums- 
off transistor 222 and turns-on transistor 224 which cou- 
ples the data bus 250 to Gnd 265 via transistor 224. 
Thus, the initial state of the data bus 250 is at a 1/2 Vddq 

40 voltage which corresponds to a low logic state.- As a 
back to back switch ing-occurs, the control input 2 1 6 pro- 
vides an input that activates end-driver 210,. and the 
control input 226 provides an input that deactivates end- 
driver 220. As the end-driver 21 0 activates, transistor 
212 tums-off and transistor 214 tums-on generating a 
negative switching wave signal of 1/2 Vddq voltage to 
Gnd voltage. About the same instant, as the end-driver 
220 deactivates, transistor 222 turns-on and transistor 
224 turns-off generating a positive switching wave sig- 

50 nal of 1/2 Vddq voltage to Vddq voltage. 

As each switching wave signal travels the length of 
the data bus 250 : each switching wave signal t rminates 
at th end of th data bus 250 with the nd-driver. The 
nd-driv r 220 r ceives th negativ switching wave 

55 signal from the end-driver 210 and tenminat s the neg- 
ative switching wave signal becaus the activat d tran- 
sistor 222 of the nd-driver 220 has a resistiv value 
that matches the characteristic impedance of the data 
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bus 250. Similarly, th nd-driver 210 rec ives the pos- 
itive switching wave signal f rorn the end-driver 220 and 
terminates the positive switching wave signal because 
the activated transistor 214 of the end-driver 210 has a 
resistance thatmatches the characteristic impedance of 
the data bus 250. No reflections occur from the back to 
back switching of the end-drivers. The data bus 250 set- 
tles when the wave signals reach the end-drivers. The 
settling time for the data bus 250 is minimized to zero 
because there are no reflections on the data bus 250. 
^Minimizing settling time for the data bus 250 affords in- 
creases in data bus transfer rates. Thus,:the end-driver 
2 1 0 and the end<Jriyer 22p include dynamic termination 
logic that dynamically terminates the switching wave 
signals on the data bus 250 regardless to whether an 
-end-driver is activated or deactivated; 
<^ Fig. 3 shows a circuit diagram of an equivalent cir- 
cuit 30 of the dynamic termination logic data bus 20 of 
-tFig. 2. The equivalent circuit 30 includes equivalent cir- 
cuits of the end-drivers 210 and 220 and the data bus 
250. The equivalent circuit of the end-driver 210 in- 
cludes a switch 310, resistor 21 2R and resistor 21 4R. 
Resistor 21 2R is coupled between the Vddq 255 and 
the switch 310. Resistor 21 4R is coupled between the 
switch 310 and the Gnd 265. Switch 310 is switchable 
between the data bus 250 and the resistor 21 2R or the 
data bus 250 and the resistor 2T4R. 

The equivalent circuit of the end-driver 220 includes 
a switch 320, resistor 222R and resistor 224R. Resistor 
222R is coupled between the Vddq 255 and the switch 
320. Resistor 224R is coupled, between the switch 320 
. and the Gnd 265. Switch 320 is switchable between the 
data bus 250 and the resistor 222R or the data bus 250 
and the resistor 224R. 

In operation, the switch 310 is switchable between 
the resistor 21 2R and 21 4R and the switch 320 is switch- 
able between the resistor 222R and 224R. Depending 
on the initial position of the switches 310 and 320, either 
a positive switching wave signal or a negative switching 
.wave signal is produced when the switch 310 or switch 
.320 is switched from one position to another. As. a 
switching wave signal travels through the data bus 250, 
4he receiving end-driver terminates the received switch- 
ing wave signal with a resistance which matches the 
characteristic impedance of the data bus 250 regardless 
of its switching position. Inother words, the end-drivers 
210 and 220 provide dynamic termination logic to the 
.data bus 250 because independent of the switching po- 
sitions of . the end-drivers 210 and 220, the resistors 
.212R, 214R, 222R, and 224R each provide a resistance 
v that corresponds to the characteristic impedance of the 
data bus 250 and prop rly t rminates the rec ived 
switching wave signal. It is arranged that the character- 
istic impedance of th data bus 250 and th r sistance 
of the resistors 21 2R, 21 4R, 222R, and 224R are each 

son. 

Fig. 4 shows a circuit diagram of the dynamic ter- 
mination logic data bus 20 having a mid-driv r 41 0. The 



mid-driv r 410 provides multiple load configurations 
having more than two drivers for the data bus 250. One 
or more mid-drivers 410 can be coupled to the data bus 
250 depending on the design of the data bus 250. The 

$ impedance of the mid-driver 410 equals to one half of 
the characteristic impedance of the data bus 250. The 
present embodiment provides that the mid-driver 410 
consists of an open drain transistor 412. The drain of 
transistor 412 is coupled to the data bus 250, and the 

10 source of the transistor 412 is coupled to Gnd 465. Con- 
trol signal 41 4 coupled to the gate of transistor 41 2 ac- 
.•■ tivates the mid-driver 41 0 and provides a switching func- 
tion that couples the data bus 250 to Gnd 465 via the 
transistor 412: 

15 -In the present embodiment, the resistance of the 
transistor 41 2 of the mid-driver 41 0 is configured to 25Q, 
Vddq is set to 1.5 volts; Activating the mid-driver 410 
drives the data bus 250 to approximately 0.75 volts 
when the end-drivers 210 and 220 are deactivated. 

20 Since the transistors 212 and 222 of the deactivated 
drivers 210 and 220 are each configured to 50n and 
placed in parallel, the resulting equivalent circuit pro- 
vides a voltage divider setting the data bus 250 at 0.75 
volts.. 

25 Initially, when the mid-driver 410 and the end-driv- 
ers 210 and 220 are inactive, the data bus 250 is at the 
Vddq 255 voltage. As the mid-driver 410 becomes ac- 
tive and connects the data bus 250 to Gnd 465 via the 
transistor 41 2, the negative switching wave signal which 

30 is generated travels down the data bus 250 and termi- 
nates at the receiving end-drivers 210 and 220. The data 
bus. 250 settles at the 1/2 Vddq voltage of a low logic 
state and no reflections from the negative switching 
wave signal result. 

25 As multiple mid-drivers 41 0 are placed on the data 
bus 250, instances occur when two mid-drivers 410 
switch back to back. Switching wave signals which are 
generated from the back to back switching of opposing 
mid-drivers 41 2 produce wire-or glitching. The switching 

to wave signals are reflected back to each mid-drivers 412 
because the mid-drivers 412 do not properly terminate 
the switching wave signals. However; as the reflected 
switching wave signals reach the end-drivers 210 and 
220, the end-drivers 21 0 and 220 terminate the reflected 

45 switching wave signals to settle the data bus 250. 

Fig. 5 shows a circuit diagram of the dynamic ter- 
mination logic data bus 20 having an alternative embod- 
iment with mid-driver 510. The mid-driver 510 provides 
multiple load-configuration for the. data bus 20 having 

50 more than two drivers. One or more mid-drivers 510 can 
be coupled to the data bus 250 depending on the design 
ofth data bus 250. Th mid-driver 510 includes a tran- 
sistor. 512, transistor 514, and control logic 516. The 
drain of transistor:512 is coupled to Vddq 555, and the 

55 sourc of transistor 512 is coupled to the data bus 250 
and the drain of transistor 5.14. The sourc of transistor 
51 4 is coupled to Gnd 565. The gates of transistor 512 
and 514 are coupled to control logic 516. 
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ond signals. 

4. The bi-directional data bus of claim 1 further com- 
prising a first mid-driver coupled to the data bus 
configured to drive the data bus with a third signal 
and wherein the first end-driver dynamically termi- 
nates the third signal. 

5. The bi-directional data bus of claim 4, wherein the 
second end-driver dynamically terminates the third 
signal. 

6. The bi-directional data bus of claim 4, wherein the 
first end-driver dynamically terminates a reflection 
of the first signal from the first mid-driver. 

7. The bi-directional data bus of claim 4 further com- 
prising a second mid-driver coupled to the data bus 
configured to drive the data bus with a fourth signal 
and wherein the second end-driver dynamically ter- 
minates a reflection of the fourth signal from the first 
mid-driver. 

8. The bi-directional data bus of claim 7, wherein the 
first end-driver dynamically terminates a reflection 
of the third signal from the second mid-driver. 



Control logic 516 receives a control signal 518 to 
control the mid-driver 510. The mid-driver 510 provides 
three mode of operation: 1) tri-stated mode when mid- 
driver 510 is in receiving mode, 2) drive Vddq voltage 
mode when transistor 512 is active and transistor 514 
is inactive, and 3) drive 1/2 Vddq voltage mode (logic 
low) when transistor 512 is inactive and transistor 514 
is active. In the present embodiment, transistor 512 is 
configured to provide 50Q resistance from Vddq 555 to 
data bus 250 when active, and transistor 514 is config- 
ured to provide 25Q. resistance from data bus 250 to 
Gnd 565 when active. 

While the foregoing detailed description has de- 
scribed embodiments of the apparatus and methods for 
dynamic termination logic of bi-directional data buses in 
accordance with this invention, it is to be understood that 
the above description is illustrative only and not limiting 
of the disclosed invention. Obviously, many modifica- 
tions and variations will be apparent to the practitioners 
skilled in this art. Accordingly, the apparatus and meth- 
ods for dynamic termination logic of bi-directional data 
buses have been provided. The dynamic termination 
logic reduces data bus settling time and affords increas- 
es in data bus performance. In certain instances, the da- 
ta bus settling time is reduced to zero. As the dynamic 
termination logic settles the data bus, other data bus 
drivers coupled to the data bus are able to drive the data 
bus with their data signal. Given that data buses couples 
devices together so that the devices operate as a unit, 
increasing data bus throughputs remove bottle necks 
that often limit the performance of a system. The system 
may be of the microchip level, the component level, the 
system level, or the network level. Thus, the dynamic 
termination logic increases performance of systems that 
rely on data buses for informational transfers of electri- 
cal communication signals. 

Claims 

1 . A bi-directional data bus for wire-or data transfers, 
comprising: 

a first end-driver coupled to a first end of the 
data bus configured to drive the first end of the 
data bus with a first signal; and 
a second end-driver coupled to the second end 
of the data bus configured to dynamically ter- 
minate the first signal from the first end-driver. 

2. The bi-directional data bus of claim 1, wherein the 
s condend-driv r drives the data bus with as cond 
signal and the first end-driver dynamically termi- 
nat sthes cond signal from the second end-driver. 

3. Th bi-directional data bus of claim 2, wh r in th 
first end-driver and the second end-driver simulta- 
neously dynamically terminate the first and the sec- 



9. A wire-or data bus having a characteristic imped- 
ance for transmitting data signals, comprising: 

30 

a first driver coupled to a first end of the data 
bus having a pull-up transistor with a resistive 
value of the characteristic impedance and a 
pull-down transistor with a resistive value of the 
& characteristic impedance; and 

a second driver coupled to a second end of the 
data bus having a pull-up transistor with a re- 
sistive value of the characteristic impedance 
and a pull-down transistor with a resistive value 
40 of the characteristic impedance. 

10. The wire-or data bus of claim 9, wherein: . m 

the first driver includes resources which switch- 
45 es between activating the pull-up transistor and 

the pull-down transistor for transmitting a first 
signal to the data bus; and 
the second driver includes resources which 
switches between activating the pull-up transis- 
50 tor and the pull-down transistor for transmitting 

a second signal to the data bus. 

11. The wire-or data bus of claim 9, wher in: 

55 th first driv r dynamically t rminates rec iv d 

signals from th data bus to prevent ringing; 
and 

the second driver dynamically terminates re- 



40 



45 



so 
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ceived signals from the data bus to prev nt 
ringing. 

12. The wire-or data bus of claim 11 further comprising 
a mid-driver coupled to the data bus between the 
first driverand the second driver configured to gen- 
erate a mid-driver signal to the data bus and where- 
in the first driver and the second driver dynamically 
terminate signals from the mid-driver to prevent 
ringing. 

1 3. The wire-or data bus of claim 1 2 further comprising 
a second mid-driver coupled to the ; data bus be- 
tween the rriid-driver and the second driver config- 
ured, to generate a second mid-driver signal to the 
data bus and wherein the first driver iand the second 
driver dynamically terminate signals from the mid- 
driver and the second mid-driver to prevent ringing. 

14. The wire-or data bus of claim 1 2, wherein the mid- 
driver includes a pull-down transistor coupled be- 
tween the data bus and ground and the second mid- 
driver includes a pull-down transistor coupled be- 
tween the data bus and ground. 



15. The wire-or data bus of claim 14, wherein the mid- 
driver includes a pull-up transistor coupled between 
the data bus and ppwer and the second mid-driver 
includes a pull-up transistor coupled between the 
data bus and power for generating a rising pulse on 
the data bus. 
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end-driver and th second end-driver dynamically 
terminates the third signal. . 

20. The computer system of claim 1 9 further comprising 
a secpnd.mid-driver coupled between the first mid- 
, driver and the. second end of the data bus config- 
ured.to drive the data bus with a fourth signal and 
wherein the first end-driver and the second end- 
driver dynamically terminate the third signal and the 
. fourth signal. 



1S 



20 



25 



30 



1 6. A computer systerafoaving a bidirectional data bus 
for transferring data between a first computer and 

a second computer,. comprising: 35 

a first driver coupled to a first end of the data 
bus of the first computer configured to drive the 
first end of the data bus with a first signal; and 
a second driver coupled to the second end of 40 
the data bus of the second computer configured 
to dynamically terminate the first signal from 
the first driver. 

17. The computer system of,claim 16, wherein the sec- 4$ 
.. ond driver drives the data.bus with a second signal 

and the first end-driver dynamically terminates the 
second signal from the second end-driver. 

18. The computer system of claim 17, wherein the first so 
end-driver and the second, end=driver simultane- 
ously dynamically terminate the first and the second 
signals. 

19. The computer system of claim 16 further comprising 55 
a first mid-driver coupled betwe n the first nd and 

the second end of the data bus configured to drive 
the data bus with a third signal and wherein the first 
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